Measurements of spin effects in small cross section processes have shown the need for more radiation resistant polarized target materials. We have examined the dynamic polarization of a number of substances which are known to be highly resistant to the formation of color centers with particular emphasis on toluene. We have also examined the relation between the maximum polarization and characteristic radiation flux constant to obtain a figure of merit for new materials.
Interesting spin effects have recently been observed I) in proton-proton elastic scattering near 90 ° in the center of mass. The very small differential cross sections involved require the use of high intensity beams. A serious difficulty with the use', of a polarized target in this experiment was the loss of polarization resulting from radiation damage to the target material2). The polarization P of the target decays exponentially with accumulated radiation flux • through the relation P --= Po exp(--O/OA), (1) where P0 is the initial polarization and • A is the characteristic flux for the polarization to decay to l/e of its initial value. The materials which are used most often today, ethanediol, propanediol, and n-butanol, have O A values of (1-4))< 1014 particles/cm 2. When used in an intense beam of a few 10 ~° particles/s these materials require frequent annealling and replacement every 1-2 days because of non-aflneallable radiation damage. It is clearly desirable to find polarized target materials with OA& l015 particles/cm 2. Studies of radiation yields 3,4) and production of color centers 5) have shown that a number of materials have higher resistance to radiation than the alcohols and diols. In particular aromatic compounds are known to have small radiation yields and good resistance to producing color centers. We have examined a number of these materials in an attempt to find one that would also give polarizations comparable with the 70-80% typically found with the diols and butanol in 3He evaporation cryostats. In this we have not been successful. However if the beam intensity is high enough some of these materials should be preferable to the standard targets as we discuss below. The materials used in this study were selected from a list of organic materials examined for the production of color centers by Alger et al.5) . These authors assigned each material a relative coloring ability (RCA), equal to the amount of time the material was subjected to an intense electron beam in order to produce a given amount of coloring. The materials varied in RCA from 2 for methanol to > 2000 for benzene, toluene, and t-butanol. The common polarized target materials ethanediol and n-butanol had RCAs of 8 and 24 respectively. Thus if a suitable material could be found among the top rated materials it could potentially have several orders of magnitude better radiation resistance than the substances currently in use.
We demanded that the materials have suitable physical characteristics for a polarized target. First, the compound was required to be a liquid at room temperature. This is not a necessary requirement but solids present additional complications such as the type and concentration of a solvent. Second, the melting point was required to be greater than -115°C. If the melting point is much less than this there is a large probability of melting the sample during the polarized target cooldown. Third, the materials must be able to form stable spheres under liquid nitrogen. All the results presented here are from spheres 1-2 mm in diameter. Unfortunately two of the top rated materials, benzene and t-butanol, tended to crystallize and disintegrate after freezing and were dropped from further consideration. The six materials with the highest RCAs that met these requirements are listed in table I.
The problem then becomes to find a free radical which is soluble in the given material and to determine the concentration of the radical which gives the maximum polarization. The stable free radicals which we used in this study are listed in 4-Hydroxy-2,2,6,6-tetramethylpiperdino-1-oxy; PX: porphyrexide. We also list in table 2 the molecular weight, microwave frequencies corresponding to maximum dynamic polarization for positive and negative enhancements in a 2.508 T field, and the effective g factor for each radical.
We have done a careful study of the dependence of the polarization on concentration in the top rated material, toluene. The results, shown in fig. 1 , show that the polarization at 0.5 K using DPPH peaked at 50% for 1% DPPH by weight. The polarization with DTBN increased with decreasing concentration reaching 62% for mum polarizations for positive and negative enhancements, and the relaxation time at 0.5 K. In general we have considered these tests to be a first pass thru a multi-parameter space. The method of preparation might be varied next to further incre, ase the polarizations.
',Since the polarizations obtained in this study we, re only ~ 50% we must address the question of how radiation resistant a material must be to be "better" than the standard alcohol targets. Thus where N+(N ) is the number of events with the target polarized in the +(-) direction, and P is the target polarization. Experimentally we might define the "best" target material available to be the one that minimizes the error dA on the measurement of A in a given period of time. We have written a computer program to calculate for a given flux constant ~A the maximum initial polarization P0 necessary to achieve a 2% err.or on A in a seven day period. We have assumed a beam intensity of 10 ~° protons/s over a 4cm 2 effective area. The polarization was assumed to fall off with radiation damage according to eq. (1). In addition the initial polarization following annealling was assumed to be related to the starting undamaged polarization P0 in the same manner found for ethanediol, namely 2)
where P~/Po=0.8 and (i~NA~I014 protons/cm 2.
The program optimized the number of target changes and anneals for each combination of I~ A and P0. Anneals were assumed to require 90 min and target changes and accompanying thermal measurements 8 h. It was further assumed to be impractical to anneal more than once every 8 h or change targets more than once each day.
The results are shown in fig. 2 . The exact relationship between P0 and q~A depends on the experimental parameter K which gives the number of events per 10 14 protons/cm 2 on the target. The parameter K essentially measures how fast events are collected compared to the rate the target is damaged. For large cross section processes the curve quickly flattens out and there is little advantage in using high I~ A materials. New materials will be most useful in measurements of asymmetries in small cross section processes. As a practical example consider the K = 400 curve. Present diol targets (~A = 2) can easily achieve the initial polarization of 74% required to make a 2% measurement of A in one week. A new material with ¢~A = 10 would only require an initial polarization of 59% to acheive the same precision. In addition a ~A = 10 target only requires four changes and seven anneals during the week while the @~, = 2 target requires lbur changes and fourteen anneals.
Several of the target materials investigated acheived polarizations greater than 50%. The two best possibilities at this point appear to be toluene with 0.5% DTBN and n-pentanol with 2.0% EHBA-Cr v. These materials may be preferable to the diols under certain experimental conditions and should be candidates for further study.
